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The recently published genome of the nematode
Caenorhabditis briggsae provides a drastic improve-
ment in structural annotation of the C. elegans
genome, as well as a promising source of evolution-
ary comparisons.
The nematode Caenorhabditis elegans has proven an
excellent model system as a simple animal with a
quasi-invariant cell lineage and easy genetics. The C.
elegans genome sequence has been available since
1998 [1], but its annotation – the challenge of making
‘sense’ of the sequence – just got an amazing burst of
new information from the sequencing of the genome of
a close relative, C. briggsae [2].
C. briggsae was chosen for genome sequencing as it
is the closest known species to C. elegans that shares
the latter’s hermaphroditic mode of reproduction [3,4].
The genome of C. briggsae, like that of C. elegans, was
jointly sequenced at Washington University in Saint-
Louis and the Sanger Center. The strategy taken com-
bined shotgun sequencing at ten-fold coverage with
physical mapping, by digestion fingerprinting of ‘fosmid’
and bacterial artificial chromosome (BAC) clones, and
BAC-end sequencing. The sequence has now been
reported by a 36-author team led by L. Stein, a head
scientist at the C. elegans Wormbase [2]. The primary
motivation for this work was a better annotation of the
C. elegans genome, a goal fulfilled by the amazing
improvement in gene finding, gene structure and cis-
regulatory region analysis. But in addition to helping the
‘worm’ community, this surprisingly divergent genome
is also a wonderful tool for evolutionary studies.
Similarities: C. briggsae as a Tool for C. elegans
Genome Annotation
The dream of the comparative genome annotator is to
find genomes that function similarly and produce iden-
tical phenotypes, yet have accumulated enough evolu-
tionary divergence that unconstrained regions have
fully turned over by random drift. C. briggsae almost
fulfills this dream for the C. elegans genome annotator.
The two worms look quite alike and presumably share
much in cell composition, development and behavior
(but see below). On the molecular side, preliminary
studies [5] indicated that their divergence is sufficiently
high for unconstrained sequences to have completely
turned over. In this (simplistic) view, only functional
sites are conserved and similar sequences equal func-
tional sequences.
Stein et al. [2] first sought to identify protein-
coding genes and define their exon–intron structure,
using a combination of gene-prediction algorithms
and con-cordance between both species, which
yielded a genome annotation for each. Surprisingly,
this new annotation adds over 1300 putative protein-
coding genes to C. elegans and drastically changes
predicted exon–intron structures (Figure 1). This new
‘hybrid’ C. elegans annotation was tested on genes
with available expressed sequence tag (EST) data,
and found to perform much better than previous
algorithms [2]. 12,155 presumed orthologs were
found between the two species; about 6500 C. brig-
gsae genes additionally have a recognizable paralog
or exhibit weak similarity to a C. elegans gene. Most
operons appear conserved.
A further challenge is the annotation of the cis-
regulatory sites that control gene expression. To meet
this goal, about 80% of the genomes were aligned
using the WABA algorithm [6] and synteny information.
Many non-coding regions are well-conserved and
harbor potential regulatory sites [7]. Such ‘phylogenetic
footprinting’ using C. briggsae has already been vali-
dated to find cis-regulatory motifs in C. elegans genes.
Further sequencing of a constellation of closely related
species should help improve this statistical analysis ([8]
and P. Sternberg, personal communication).
Differences: Genome Evolution
Whereas genome annotation feeds on sequence
similarities, evolutionary studies look for patterns of
divergence. These two genomes are indeed surprisingly
different (Figure 1), with a number of outstanding fea-
tures. These include: the presence of about a thousand
species-specific (or extremely diverged) genes; highly
dynamic repeat sequences, with a 20,000-times
repeated sequence in C. briggsae that accounts for the
4 Mb difference in genome sizes; differential expansion
of gene families such as those encoding olfactory
receptors; a high level of chromosomal rearrangements;
and a chromosome-wide pattern in which the arms are
apparently evolving faster than the central gene cluster.
At a finer scale, the rate of nucleotide variation
indicates the nature of the evolutionary dynamics at a
given locus. In this case the neutral variation, for
example at synonymous sites in codons, is saturated,
making it easy to evaluate constraints on non-synony-
mous sites or cis-regulatory sequences, but difficult to
detect the imprint of positive diversifying selection. For
this purpose, studies of within-species polymorphisms
[9] will be more appropriate. Patterns in the relative level
of constraints can be seen from this whole-genome
comparison, however, for example the fast evolution of
sex-determination regulators or olfactory receptors.
An Overestimated Divergence Date?
Stein et al. [2] calculated a divergence date for the two
Caenorhabditis species of 80–110 million years ago,
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by comparing orthologs with those from the mosquito
and human genomes and calibrating the molecular
‘clock’ on a presumed divergence in the Precambrian.
The orthologs chosen were those displaying similar
apparent evolutionary rates in the mosquito versus the
worm branches, with humans as the outgroup. Basing
the calculation on so few species, and the uncertain
deep branching, means that the rate estimates can
only be very tentative. Nematodes seem to have a
high rate of molecular evolution relative to other
metazoans [10], and the chosen set is likely to be
skewed, for example towards genes that have evolved
at irregular rates or for which the inferred evolutionary
changes are simply wrong. Without a fossil record and
analysis of diverse nematodes, the true divergence
date cannot be known.
What is possible is to compare the relative tempos
of different types of mutational event: for a similar
level of amino-acid similarity between orthologs of the
human–mouse pair, the worm pair displays higher
levels of neutral mutation (three-fold), intron turnover
(fifty-fold), protein family evolution and chromosomal
rearrangements (about ten-fold). High rates of genome
evolution in Caenorhabditis are more likely to reflect
specific biological properties than an ancient diver-
gence time.
C. briggsae is More Than a Genome
The general feeling when comparing the divergent
genomes of these morphologically very similar worms
is that of a marked discrepancy between the molecular
and phenotypic evolution rates. It should be remem-
bered, however, that phenotypes at the level of under-
lying molecular mechanisms, such as transcriptional
regulation [11] or cell signaling [12], may evolve without
concomitant evolution of the ‘visible’ phenotype.
Examples of such ‘underground’ evolution include
shifts in gene [13,14] or cell [15] redundancy, and
protein coevolution [16]. Moreover, it is easy to miss
phenotypic differences in these small worms (Figure 2),
and there may be many differences in behaviours that
we just do not know about yet. From concomitant
samplings of the two species in the same soil isolate or
the same host snail species (A. Barrière and M.-A. F.,
unpublished data), it is not obvious whether each has
a specific ecology.
The use of C. briggsae as a laboratory model is
increasing (http://wormlab.caltech.edu/briggsae/). One
impressive recent result, for example, is the demon-
stration [17], using mutants and reciprocal transgene-
sis, that the more posterior position of the excretory
duct cell in C. elegans compared to C. briggsae
requires species-specific expression of the lin-48/ovo
gene in this cell (Figure 2). Understanding the evolution
of such molecular and phenotypic characters will
require the study of several isolates of each species as
well as a ladder of more distant outgroup representa-
tives that will help identify the origin of specific varia-
tions. For example, position and fusion of sensory rays
3 and 4 in the male tail are polymorphic within C. brig-
gsae but apparently fixed in other Caenorhabditis
species [18] (S. Baird, personal communication). 
C. elegans and C. briggsae were thought to be
sister species, but recent phylogenetic analysis
indicates that two Caenorhabditis species with males
and females, rather than males and hermaphrodites —
C. remanei and an undescribed ‘CB5161’ species —
are actually closer to C. briggsae than is C. elegans
(K. Kiontke and D. Fitch, personal communication).
This suggests that hermaphroditism may have been
independently acquired by C. elegans and C.
briggsae. Some C. briggsae strains can be crossed
with C. remanei to produce (sterile) hybrids, whereas
attempts to produce hybrids with C. elegans have
been unsuccessful [19]. C. briggsae is thus also a
promising model for understanding speciation.
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Figure 1. A summary of the C. briggsae
and C. elegans genomes.
Key: SNP, single nucleotide polymor-
phisms; ncRNAs, non-coding RNAs; KA,
substitution rate at non-synonymous loci;
KS, substitution rate at synonymous loci;
7-TM, seven-transmembrane chemosen-
sory receptors; F-box/Duf38, proteins
with a cyclin-like F-box and a Duf38
domain, which include the C. elegans
FOG-2 protein, which controls spermato-
genesis in the hermaphrodite and for
which no ortholog can be found in C.
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Draft publication year 2003 1998
Sequenced strain AF16 (Gujarat, India) N2 (Bristol, UK)
Mean % identity 75% (SD18)
Predicted ncRNA # 962 838
3,327 (1.32 Mbp)
-
Average KA & KS 0.12 & 1.73
Exon structure changes 6646-
18,808 /  20,621
Mean size of syntenic blocks 37 kbp
Genomic rearrangements > 4363
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Figure 2. A morphological difference
between C. elegans and C. briggsae due
to a change in gene expression.
In C. elegans (top), the lin-48 gene has to
be expressed in the excretory duct cell for
the excretory pore to have the more
posterior positioning characteristic of this
species. In C. briggsae (bottom), the
excretory pore has a more anterior posi-
tion, and lin-48 is not expressed in the
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